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KINETICS OF SURNNG MANUANESE, SILICON

AND SULFUR OUL OF MOLTEN_THON

by Aok gamarin and LA, Shvartemnan
loscow Steel 1nstitute imeni 1.V, Stalin
Submitted 21 April 1947

Tnvestipration of the velocity of burning carbon out of a steol
tath, proviously conducted by the authoro, demonstrated that kinetically
t.e process 1o of a dilfueion cha;gur and, under the conditions of &
Lhirh={Trequency induction furnace, Lhie reaction proceeds on the surface
soparabing motal from alr. 1t was shown tlab t.e velocity of carbon
burning out may bo oxpressed by b e oquatien of the first ordor re-

acbions

'ﬁ% = ke, (1))

Whore C= concuntration of carton in molien iron. This formvla
may be compared vwith the equation for Fiok's dilfusion luws
dn < (2)
Feekse
whené n- total quantity of carbon, 8 = area of conbact botween metal
and air, ¢ -~ concentration of carvon in metal and Kt - the constant i

of proportionality depending on the intensity of sbirring (it is

|
|
assumed that tie carbon concentration at the surface of metal is \
zero). Division of both parts of this equation by the volume or i

|

the weight of metal proportional to the volume gives:

/
de - Lo . ¢, (3 |
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vihere m is the weight of wetal.
Comparison of equations (1) and (3) leads to the equalltys
K -k (b
Irom wuich’?t Follows that the velocity constant k is a function

of the ratio Lotwsen the nebal=air contact area und the weight of

|
|
|
|

the metal. Equation (L) proved to Le approximately correct for the

process of carben burning=out in a surficiently wide range of rat=

io8 Ji'

m
The purpose of the present work was investigation of the re=

moval velocities for mangancse, ailicon and sulfur dissolved in
molten iron, It was inlereciing to find out if t.e regularities
doduced for the process of carbon burning=out might be applied also
to oliminalion of othor clements. Tt must be notod that tochnical
14torature does not mention any investization of the Lurning=out
kinetics ol manganese, silicon, pulfur and obhior admixtures dis-
solved in molten iron, In contragt with tue decarburization process,
which ig the sukjoct of numerous expordinental and theorotical in=
veutigations, there is rot a single work on Lo burning=out mech-
anism of other elements.

Burning-out conditions for the majority of elements, dissolved
in the steel bath, are gubstantially difl'eront from the conditions
for.carbon turning=-out., Carbon monoxide formed in the latiter case |
leaves the reaction zone right. after its ovolution from metale
[ut the oxides, oblained in interaction of oxygen with elements
dissolved in iron, enter the slag and remain in contact with molten
metal, Presence of the slag phase complicates the burning-out re-

> action. Therefore it is expedient to study such processes under

tle most simple conditions, i.g?, in the absence of the slag phase.

- 2 -
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Such conditiona wers obeerved in exveriments by removing elag with
an iren red, Othorwise, Lie investigation wae conducted in the nannexr
already described in the article on the kinetics of carbon turning=-out
(Journal of Phiysical Chemistry, 9, 1947).

The [irst seriee of experiments for studying Lurning=-out veleooltles

of manganose, conducted with Armco iron (wolght of metal 7 kilograms),
showed t:at this case is aleo gatiefied Ly the equation tor the firsv
order reaction,

Exporimontal melts were conductod at varloue temperatures, and
no noticecble conpection was dotected Letweon temperature and the j
value of tiie veloclty constant, Tlis factor, in addition to con=- ]
firming the applicability of equation (1), also confirms the diffvsion
character of the process.

Investipation of the burning=-out voloeity for silicon was con-
piderably hamp.red by the viscous £ilm of oxides which could not te
roadily romoved in cvery case. For this reason rosults obtained
were nol so well defined as those for the case ol manganese, The
average value of lne velocily constant for silicon burning=-oul was
determined as equal to 1.20'10'2 min.‘l. This value is close to
the value of bLie velouity constant for manzanese burning=-out (1.56'10'2min.‘1), i
which again confirms the concept of diffusion charactor accepted for
the kinetics of processes of burning admixtures oub of the steel bath,
since usually lhe velocity constants of chemical reactions greatly
differ from each otiir, while the diffusion coefficients of different
substances in the same solvent differ very insignificantly from each

obher,
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One melt was conducted without removing slag from the metal
surface, In Lhis case the molten iron was at once covered with &

viseous film el aeid glgg whieh beeame more and mere fluid, enriched

by ferrova oxide formed as a result of metsl oxidation, after appreximate-
ly one hour, e olap; wae unable to atay on the metal surface on account

of 1t hish fluidity, Oraphical representation of tie burning=-out process
chows Lliat t.e kinelics of sillcon iturning=cut still conforme to equation
(1) even when tie metal ie covired with slag. ilowever, the reucllon
procecds conoider:bly morc olowly in this case. ‘lhe velocity constant
during this puriod was o.7h-10'2 min=%, This may ce explained by the

fact that the slag film hampors tho access of oxygen to such an extont

tnat silicon concontration it Ule surface varies from zerc, As:soon

as blie metal surface Lecame clear of slag, the velocity constant

sharply increased to 1.78'10"2 mn™E,

These results may oxplain the
rotarded burning-out of silicon observed in some moltings.
On Lo basig of exporimental daba on equilitrium in tho iron-
svlfur systom accumulated up Lo the present, it is possilble to prove
thermodynamically tiat the birning=-out provess of sulfur cannot ocecur
in Lie volume of motal but is only possible on the surface of metal-air
separations In or@er to study the velocity of sulfur Lwning=out and
to compare it with the rate of curbon burning-out, delermined under
similar conditions, three meltings were conducted. The waipht of |
metal in each melt was 7 kilograms, In addilion, onu melting was |
" perlorned with iron containing 0.28% of carbon. Analysis of results
obtained showed thal curbon has no noticeable effect on the rate of
sulfur Lurninge-out which (rate) remains the same as in tue absence of
carbon, Further it was found that these results are well defined and
that equation (1) is also applicable in this case.. Values for the

velocity constants of all melts wore similar, which shows that the

-l -
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the temperature coefficient of the hurning=out precess of sulfur ie
very emall, This éonoluaian ig in agreement with results previously
obtained for the kinevlies of burning-out procesees ol carben, manganese
and ellicon,

8ince, according to previeusly accepted usswntions, rates of

burning=-out admixtirres of the steol bati are determined Ly tlie ratee
of diffusion, tlio comparison of burning=out velocities of various
clements way iive an idoa of tholr relalive eoeflieiente of diffusien.
Thue, 1L Lhe diffusion cooflficlent of one clement is known, the
abpolute values for diffueion coofficients of othor elements may Le
calculated. Undor conditions of Lie induction [irnace metal 18 con=
tinuoroly siirred and therefore Lie concentration of dissolved eleuonts
is wniform in the enlire mass of motul, Iy is known that Lue velocity
conobants of tlie ciomical resctions of Lurning admixtnres ovt of mollen
iron are very high (thls follows, for example, [rom data on Lessumer
m-ltings) and advance of thowe processes is limibed Ly Lhe diffusion
of dissolved elemonts throurh a uhin non-stirraile surface la er
of netal,

With these consciderations squation (3) may be written in the

following forms:

- t:%—g— (5)

wlwre,b i8 the coeificient of diffusion und § is the effective

thickness of the non-stirratle film of metal at lhe surface,
Comparison of equations (5) and (1) shows, that tiie formula {

which follows expresses the relationship tetween the experimentally

determinable velocity constant of burning-out and the diffusion co-

erficient, area of the metal-air ¢ surface of separation, metal maes

and thickness of the non=stirrable layer:

K De_ (6)

T ms
.
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Thus, compar;\.aor{;r the velocity constants of burning=out of
variouo elementa un&;r similar conditions pives a peseibility for
determining their diffusion coce!licients. Hefore caloulating the
diffusion coofficients it should be indicated that diseolving processes

£ eloments in molten iron also mst e descriled by an expression
analogous to thu equation (1)1
_flg-—:,e/(‘—q/, (1)
whore 4} ig Liie concontration of saturated solution and ¢ = the
concentration in the time interval t.

According to theso assumptiona the velocity constant of dissolving
in equation (7) m:st be 1dentical to tho veloecity constant of burning=-
out,

J. Chipman and D, iurphy (Trans, A.J M., 116, 179, 1935),
studying the solubility of nitroron in liquid iron, also dotormined
{te dipgolving velocity. They domonstrated that the velecity of
nitrogen dissolving in liquid iron is actually exprossed by equabion
(7), a:d found the value of tle velocity constant, The averane weitht
of moetal in their experimeuts was 73 grams and the averapge value of
Lo volocity constant amounted to 2.6 hours ’l. The diameter of the
erucible, in which meltings wore conducted, was 27 millimeters. Taking
into consideration these data and using squation (4), the authors
Jdetermined the value of K, , Tor that purpose, the velocity constant
was expressed in minutea,%‘-é-:o,w.gm.;“,he area of nitrogen contact
with liquid metal was calculated, £=23./%/ 3(’ 258 em 2 , and the

values obtained were substituted into the equation (L)

/. 0.043:73 - 32}
K= 54 = 0.5 em? pun,

-b =
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’
Values of & aloo were calculated for carbon, mangancte, silicon
and suliurs /('\'-' /,.f'ﬁ for Mn, 1,20 i‘or."c' , 0.l6 for G und 0.27 fors.
comparison of equatiens (L) and (5) zives the expressions Vi +

which for manganese may be written a8

o e e A e

Ui = s . (®
$
and for silicon ag
/ - 2:" (9)
z‘c‘. - —-—-—8 '

Asoundns toab tie value of 8 1o determined by eloctrodynamic stirring
of metal, belng constant for a pi.on furnace, Wwe obtain, dividing

tie equation (&) by (9)s . y 3

D - /#ﬂ 'e.f.'
S‘. e

M. Paschke and A, ilautﬂ% (Arch £, Eigenhut,., 305, 1935) detor-

ninad experimentally the diffusion coefficionts for mangancse and
silicon in molten iron at 1600 derrees Contiprade. 'The two co=
el[icionts are close to ooch other, but results for manganese were

nore dependable, and the alove mentioned authors iive a numerical

value for the diffusion coolTicient only in the case of manganese,

namnelys

£ .
=fbem /ber QVAM/‘ /enor/.
An
On the basis of this value the diffusion coofficients wore cal-

culated for silicon, nitrogen, carbon and sulfur. Those values are
a5 folloves 7.39 for St , 3,26 for N, 2,03 for C.and 166 for

Bquation (7) also pormits caleulation of the thickness of the

g e

non=stirrable layer 8 , which was determined as approximately equal
4o 0,1 millimeters

Moscow 1nét1tute of Steel imeni I.V. Stalin
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